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FDSDFLW\ DQG WUDIILF UHOLDELOLW\ 1RZDGD\V WKH GHYHORSPHQW OHDGV WR VKLIW WKH DWWHQWLRQ IURP WKH GHVLJQ RI QHZ
VWUXFWXUHV WRZDUGV UHSDLU DQG UHFRQVWUXFWLRQRI H[LVWLQJ VWUXFWXUHV LQRUGHU WR HQVXUH DQG LQFUHDVH WKH VDWLVIDFWRU\
UHOLDELOLW\DQGGXUDELOLW\RIVWUXFWXUHV>@
,Q WKH FDVH RI H[LVWLQJ EULGJHV PDQ\ RI WKH ROGHU EULGJH VWUXFWXUHV GR QRW VDWLVI\ UHTXLUHG IXQFWLRQV GXH WR
GHJUDGDWLRQIDFWRUV2Q WKDWDFFRXQW WKHUHDO OLIHWLPHRI WKHEULGJHVWUXFWXUHV LVVKRUWHU WKDQ WKHGHVLJQHGRQH ,Q
PDQ\FDVHVDTXHVWLRQDULVHVLILWLVEHWWHUWRUHSDLUWKHROGEULGJHVWUXFWXUHRUWRUHSODFHLWZLWKQHZRQH7KHSULFH
LVREYLRXVO\PDLQDUJXPHQWLQWKHGHFLVLRQEHWZHHQUHSDLULQJDQGUHSODFLQJ




LQGXFHG E\ FKDQJLQJ WKH ORDG DFWLQJ RQ WKH EULGJH FRQVWUXFWLRQ ZRXOG WKHRUHWLFDOO\ FDXVH WKH FROODSVH RI WKH
VWUXFWXUH DIWHU LQILQLWHO\ ODUJH QXPEHU RI ORDG F\FOHV 7KH IDWLJXH FDQ EH GHILQHG DV D SURFHVV RI UHJXODUO\
SURJUHVVLYHFKDQJHVLQWKHVWUXFWXUHRIWKHPDWHULDOZKLFKLVH[SRVHGWRF\FOLFORDGLQJ,QFRQFUHWHWKHFKDQJHVLQ




RI WKH QHZ WHFKQRORJLHV EDVHG RQ WKH WHFKQLFDO GLDJQRVWLFV PHWKRG FRPSXWHU VLPXODWLRQV DQG SUREDELOLVWLF
HYDOXDWLRQRIWKHFRQFUHWHEULGJHVDUHWKHJRDOVRIWKLVSURMHFW
7KH DWWHQWLRQ RI WKH UHVHDUFK ZRUN FRQFHQWUDWHV RQ H[LVWLQJ FRQFUHWH EULGJH VWUXFWXUHV HVSHFLDOO\ WR EULGJH
HYDOXDWLRQDQGWKHLQFUHDVHRIUHOLDELOLW\DQGVHUYLFHDELOLW\IRUWKHUHPDLQLQJOLIHWLPH>@0RGHUQDSSURDFKHVLQ
HYDOXDWLRQ RI VWUXFWXUDO UHOLDELOLW\ DUH DSSOLHG LQ PDQ\ FRXQWULHV 7KRVH DSSURDFKHV DUH EDVHG RQ SUREDELOLVWLF




)RU VXFFHVVLYH DFFHSWLQJ RI WKH (XURSHDQ VWDQGDUGV LQ 6ORYDNLD WKH UHVHDUFK RI GHJUDGDWLRQ IDFWRUV RQ FRQFUHWH
VWUXFWXUHV WKHLU DFFXUDWH HYDOXDWLRQ DQG QHZ WHFKQRORJLHV DUH QHHGHG WR LQFUHDVH WKH ORDGFDUU\LQJ FDSDFLW\ DQG
VHUYLFHDELOLW\RIVWUXFWXUHV
7KHUHKDELOLWDWLRQRI5&VWUXFWXUHVXVLQJ)53)LEHU5HLQIRUFHG3RO\PHUVPDWHULDOVKDVEHFRPHDJURZLQJDUHD
LQ WKHFRQVWUXFWLRQ LQGXVWU\RYHU WKH ODVW IHZ\HDUV0DQ\ UHVHDUFKSURMHFWV LQ WKHZRUOGKDYHEHHQFDUULHGRXW WR
SURPRWH WKLV HIILFLHQW UHSDUDWLRQ WHFKQLTXH WR H[WHQG WKH VHUYLFH OLIH RI H[LVWLQJ FRQFUHWH VWUXFWXUHV )53 LV D
FRPSRVLWHPDWHULDO JHQHUDOO\ FRQVLVWLQJRIFDUERQDUDPLGJODVVRU VWHHO ILEHUV LQDSRO\PHULFPDWUL[ HJ HSR[\
UHVLQ$PRQJPDQ\RSWLRQVWKLVUHLQIRUFHPHQWPD\EHLQWKHIRUPRISUHIRUPHGODPLQDWHVRUIOH[LEOHVKHHWV7KH
ODPLQDWHVDUHVWLIISODWHVRUVKHOOVWKDWFRPHSUHFXUHGDQGDUHLQVWDOOHGE\ERQGLQJWKHSODWHWRWKHFRQFUHWHVXUIDFH
ZLWKHSR[\7KHVKHHWVDUHHLWKHUGU\RUSUHLPSUHJQDWHGZLWK UHVLQDQGFXUHGDIWHU LQVWDOODWLRQRQWR WKHFRQFUHWH
VXUIDFH7KLVLQVWDOODWLRQWHFKQLTXHLVNQRZQDVZHWOD\XS
([WHUQDOO\ERQGHG)53ODPLQDWHVRUVKHHWVKDYHVKRZQWREHDSSOLFDEOHIRUVWUHQJWKHQLQJRIPDQ\W\SHVRI5&
VWUXFWXUHVVXFKDVFROXPQVEHDPVVODEVZDOOV WXQQHOV FKLPQH\VDQGVLORVDQGFDQEHXVHG WR LPSURYHIOH[XUDO
DQGVKHDUFDSDFLWLHVDQGDOVRSURYLGHFRQILQHPHQWDQGGXFWLOLW\WRFRPSUHVVLRQVWUXFWXUDOPHPEHUV>@





VSDFH EHFDXVH WKH\ DUH YHU\ WKLQ 7KH EHQGLQJ VWUHQJWKHQLQJ RI WKH VWUXFWXUHV LV WKH PRVW FRPPRQ ZD\ RI WKH
VWUXFWXUHVWUHQJWKHQLQJEXWVKHDUVWUHQJWKHQLQJLVDOVRRIWHQQHHGHG>@
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([SHULPHQWDOPHDVXUHPHQWVLQODERUDWRU\
,QWKHH[SHULPHQWDODQDO\VLVWZRW\SHVRIEHDPVSHFLPHQVZHUHFRQVLGHUHG
)LUVWO\ WKH QRQVWUHQJWKHQHG5&JLUGHU GHQRWHV DV72BZDVPDGH7KHJLUGHUZKLFK LV WKUHH WLPHV UHGXFHG


























































 WKH VWUHQJWKHQLQJ RI WKH SDUWLDOO\ IUDFWXUHG 5& 7EHDPV 72B 72B DQG 72B XVLQJ  ODPHOOD 6	3 &).
PPLQWKHEHQGLQJDUHDWKDWZHUHVWUHQJWKHQHGLQWKHDQFKRUDJHE\&6KHHWVWULSV
 WKHORDGLQJWHVWVRIWKHVWUHQJWKHQHG5&7EHDPVXSWREHQGLQJIDLOXUH
7KH ODVW WZR7EHDPV72BDQG72BZHUH DW ILUVW G\QDPLFDOO\ ORDGHG7KHGHIOHFWLRQV DQG WKH VWUDLQVZHUH
DJDLQPHDVXUHGE\WKHUHVLVWDQFHVHQVRUV7KHG\QDPLFORDGZDVUHSUHVHQWHGE\WKHKDUPRQLFORDGZLWKIUHTXHQF\
+]7KHF\FOHVZHUHXVHG ,Q WKHFDVHRI WKH7EHDP72B WKHPLQLPXPIRUFHZDVN1DQG WKH
PD[LPXP IRUFH ZDV  N1 ,Q WKH FDVH RI WKH 7EHDP 72B WKH PLQLPXP IRUFH ZDV DOVR  N1 EXW WKH
PD[LPXP IRUFH ZDV  N1 7KLV GLIIHUHQFH EHWZHHQ PD[LPXP IRUFHV ZDV DSSOLHG LQ RUGHU WR REVHUYH WKH
LQIOXHQFH RI WKH YDULRXV ORDGLQJ RQ WKH FUDFNV IRUPDWLRQ DQG WKH FUDFNV GHYHORSPHQW DQG RQ WKH ORDGFDUU\LQJ
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
)LJ'HIOHFWLRQLQ/GHSHQGHQFHRQORDGLQJ±7EHDP72B72B
)LJ  VKRZV WKDW WKH FUDFNVZHUH FUHDWHG LPPHGLDWHO\ DIWHU DSSOLFDWLRQRI WKHG\QDPLF ORDG7KDW FDXVHG WKH
IOH[XUDO VWLIIQHVV FKDQJHV DQG GHFUHDVH RI WKH PD[LPXP DQG WKH PLQLPXP GHIRUPDWLRQV RI WKH JLUGHUV GXH WR
KDUPRQLFORDGLQJGHFUHDVH7KHGHFUHDVHZDVDERXW




























,,3KDVH$OVRFDOOHGDSKDVHRI VWDEOHFUDFNSURSDJDWLRQD VORZ OLQHDU LQFUHDVHRI VWUDLQV LVREVHUYHG LQ WKLV
SKDVH
,,,3KDVH ,W WDNHVSODFHDW WKHYHU\HQGRI ORDGF\FOHV LW LV WKHSKDVHRIXQVWDEOHFUDFNSURSDJDWLRQXQWLO WKH
FRPSOHWHIDLOXUHRIWKHHOHPHQW
,IZHWDNHLQWRDFFRXQWWKDWLQDEHDPVXEMHFWHGWRH[SHULPHQWDOORDGVVWUHVVHVGRQRWDFKLHYHYHU\KLJKYDOXHV







PD[ H WH  H  H   
ZKHUH İH LVWKHFRPSRQHQWGHSHQGLQJRQFKDQJHVLQVWUHVVHVDQGQXPEHURIF\FOHV
İW LVWKHFRPSRQHQWZKLFKLVDIXQFWLRQRIWLPHZKHQWKHORDGLVDSSOLHGWRWKHHOHPHQW
$VPHQWLRQHG DERYH WKH F\FOLF FUHHS FXUYH KDV WKUHH SKDVHV )RU WKH ILUVW WZR RI WKRVH SKDVHV WKH HPSLULFDO
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)RUWKHILUVWRIWKHH[SHFWHGORDGF\FOHV,3KDVHWKHIROORZLQJLVYDOLG
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ZKHUH WKH LQGLYLGXDO LQSXW SDUDPHWHUV DUH GHWHUPLQHG EDVHG RQ >@ WDNLQJ LQWR FRQVLGHUDWLRQ WKH FKDUDFWHULVWLF
YDOXHVRIWKHLQSXWGDWD





,, 3KDVH &UDFNV FUHDWLQJ ± VPDOO FUDFNV PLFURFUDFNV ZKLFK DUH IRUPHG LQVLGH WKH PDWHULDO DUH JUDGXDOO\
UHDFKLQJWKHVXUIDFHDQGDUHFRQQHFWLQJLQWRPDFURFUDFNV
,,, 3KDVH&UDFNV SURSDJDWLRQ ± DOUHDG\ FUHDWHG FUDFN RQO\ SURSDJDWHV IXUWKHU GXULQJ WKH UHPDLQF\FOHV LW LV
FRQQHFWHGZLWKRWKHUFUDFNVDQGHYHQWXDOO\OHDGVWRWKHXQFRQWUROOHGSURSDJDWLRQ
7KHH[SHULPHQWDOPHDVXUHPHQWVPDGH LQ>@ LQGLFDWH WKDW WKHPRGXOXVRIHODVWLFLW\RI UHLQIRUFLQJVWHHOYDULHV
RQO\VOLJKWO\DQGPDMRUFKDQJHVRFFXUMXVWEHIRUHWKHFROODSVHGXHWRIDWLJXH6LPLODUO\WKH&)53ODPHOODEHKDYHV
DVUHLQIRUFHPHQWXQGHUF\FOLFORDGZKHUHWKHF\FOLFORDGKDVDOPRVWQRHIIHFWRQPRGXOXVRIHODVWLFLW\




































310   Peter Koteš et al. /  Procedia Engineering  65 ( 2013 )  302 – 310 
7KHUHVXOWVIURPWKHVWDWLFORDGWHVWZKLFKZHUHZHOOFRPSDUDEOHZLWKWKHWKHRUHWLFDOFDOFXODWLRQZHUHXVHGDV







7KH EHKDYLRU RI UHLQIRUFHG FRQFUHWH EHDPV XQGHU F\FOLF ORDG LV YHU\ ZHOO GHVFULEHG E\ WKH WKHRUHWLFDO DQG
HPSLULFDODQDO\VLVDFFRUGLQJWR>@7KHVKDSHRIWKHVWUDLQLQFUHDVHLQFRQFUHWHFXUYHLVYHU\VLPLODUWRWKHUHVXOWV
RI H[SHULPHQWDO PHDVXUHPHQWV 0LQRU GHYLDWLRQV DUH REVHUYHG RQO\ LQ WKH DFWXDO VWUDLQ YDOXHV 7KH GLIIHUHQFHV
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